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Abstract- Wind turbines harvest wind energy and transform it into electricity every day, offering a sustainable energy source.
The case study for this research was a HAWT (horizontal-axis wind turbine). General Electric's 1.5 MW series of HAWT was
examined using a finite element FE modeling approach. The one-way connection was subjected to a fluid-mechanical, fluid-
structural interaction (FSI) investigation. The maximum distortion energy theory may be used to determine the maximum value
of stress on a HAWT, and total deformation at various speeds was discovered to be at 7, 10, 12, 15, and 20 m/s. Five
composite materials were compared, including epoxy-S-glass, epoxy-E-glass, epoxy-carbon, Kevlar, and Technora. The
obtained CFD results are compared with experimental data and the mathematical calculation of the GE 1.5-xle turbine. The
experimental conducted by (NREL) results, and mode shape values agreed reasonably well. The results showed that an
increase in wind speed caused an increase in blade deformation and von Mises stresses acting on the HAWT blade. Epoxy E
Glass had the maximum deformation value of 833.49mm at 12m/s, while Kevlar had the minimum deformation value of
263.86mm at 12m/s. Kevlar also had the maximum von Mises stress value of 33.159MPa at 12m/s, while Epoxy E Glass had
the minimum von Mises stress value of 27.695MPa at 12m/s.

Keywords Wind Turbine blade; Composite materials; ANSYS; Fluid-Structure Interaction; HAWT; Deformation; Stress.

NOMENCLATURE
Abbreviation Co Drag Coefficient
FEA Finite Element Analysis CL Lift Coefficient
HAWT Horizontal-Axis Wind Turbine Cp Power Coefficient
GE General Electric's o Angle of Attack (°)
FSI Fluid-Structural Interaction ® Angular Rotor Speed (rad/s)
CFD Computational Fluid Dynamic Y Tangential Velocity (m/s)
BEM Blade Element Momentum R Rotor Radius (m)
NREL National Renewable Energy Laboratory A Projected Area (m)
NACA National Advisory Committee for Aeronautics Ti Turbulent intensity
El Element size (m)
Symbols Pw Power (MW)
Fo lift force (N) T Torque (N.m)
Fo Drag Force (N) E Young’s Modulus (MPa)
Fr Resultant Force (N) v Poisson’s Ratio
Fq Gravitational Force (N) P Material Density (kg/m?)
Fc Centrifugal Forces (N) m Total Mass (kg)
Fr Radial Force (N) c Stress (MPa)
Vuw Speed of wind (m/s) S Deformation (mm)
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1. Introduction

Wind turbines are one of the most important renewable
energy sources for extracting clean energy [1]. Wind energy
generates well-paying jobs. Wind turbine service technicians
are the second fastest-growing job in the United States, the
wind industry has the potential to support hundreds of
thousands more jobs by 2050 [1]. The aerodynamic analysis
of horizontal-axis wind turbines HAWT is concerned with
predicting rotor loads and energy production. Horizontal axis
wind turbines are most seen in large-scale wind farms for
national projects or industrial plants, their advantages make
them the perfect solution for mass electricity production.
Energy is a critical ingredient for commercial development
and economic growth [2]. Renewable energy sources such as
wind energy are naturally replenished and, thus, can help
reduce the dependency on fossil fuels. Wind energy is the
most important renewable energy resource [2]. Interactions
between incompressible fluid flows and immersed structures
are nonlinear multi-physics phenomena that have
applications in a wide range of scientific and engineering
disciplines. It discusses the challenges that researchers in this
field face, as well as the importance of interdisciplinary
collaboration in furthering the study of fluid-structure
interactions [3]. Fluid-Structure Interaction (FSI) is a task of
investigation for all design engineers and researchers.
Therefore, proper FSI modeling is needed to meet the
required standard for wind turbine development. FSI
modeling requires the coupling of an aerodynamic (CFD)
and a structural (FEA), allowing for aerodynamic and
structural analysis of the studied model. Kyoungsoo. [4]
performed experiments to obtain structural responses for the
wind turbines at the national renewable energy laboratory
NREL using ANSYS. The surface pressure information was
imported from computational fluid dynamics CFD results.
The new aerodynamic evaluation processes obtained the
accuracy of the fluid-solid interaction FSI process using the
CFD results. Munteanu. [5] presented the modal analysis of a
wind turbine obtained via mathematical modeling. The blade
model was designed using the CATIA software suite and
imported into the ABAQUS suite. The modes and natural
frequencies of the blade were modeled as a composite using
glass fiber. The results proved natural frequencies were
modified simultaneously while investigating the free and
fixed structures. Khazem. [6] studied the stresses and
deflection of a HAWT under the constant load condition;
they also investigated the natural frequencies and mode
shapes.The authors presented the stresses, total deformations,
and the natural frequencies of HAWT; they found that the
wind blade response improved when using the Al material
instead of structural steel. Rajendra Roul. [7] presented stress
analysis and displacements in composite materials for
horizontal axis wind turbines HAWT 1.5 MW subjected to
pressure obtained using the FSI one-way coupling with effect
pitch angle. Michal Lipian. [8] studied the aerodynamic
performance of a small wind turbine was investigated. The
structural strength analysis of the prototype blades was
performed as a one-way Fluid-Structure Interaction (FSI).
Lambert. [9] studied fatigue cracks in wind turbines and the
factors controlling these cracks. They analyzed the damage
classification and the fatiguing part of the wind turbine blade

materials. They explored the micromechanical damage
processes of a wind turbine blade composite material. Lin
Wang. [10] studied the fluid-structure interaction FSI model
for HAWT,; the aerodynamic loads were considered using
computational fluid dynamics CFD applied in the ANSYS
structural module and validated by a series of benchmark
computational tests for the one-way FSI model. A parametric
FEA (finite element analysis) model and a GA (genetic
algorithm) model were used to create a structural
optimization model for wind turbine composite blades [11].
E.Shamso. [12] present a complete analysis of fatigue life
within a horizontal axis wind turbine blade HAWT under
cyclic loads, and variable stresses have been investigated by
using the Goodman theory. Rajaram.[13] present the
vibration characteristics of the prototype horizontal axis wind
turbine blade HAWT created with 3D modeling software.
Karthikeyan. [14] present the low-velocity airfoil design and
analysis solver XFOIL was used for numerical studies. The
main objective of this research is to perform a structural
analysis of HAWT blades made from composite materials
using fluent and mechanical systems based on the FSI model.
The HAWT blade is designed on the maximum deformation
and stress values under effect FSI in one way. The stress
analysis results were compared between dissimilar materials.

2. Benchmark and Validation of the FEA Model

Validation benchmarks involve calculations for the
reliability of software coding and assessments of the
numerical accuracy of the solution using a computational
model [15,16]. The structural model of the blade was created
using the FE approach with the structural modal workbench
of ANSYS. The five-mode shapes consist of three flap-wise
modes and two edgewise modes estimated from FEA, and
the analysis results are shown in Table 1, Fig. 2, and Fig. 3.
A mesh study was performed to find the optimum mesh size,
considering the following five mesh sizes: 0.4 m,0.3 m, 0.2
m, 0.1 m, and 0.05 m, respectively, as shown in Fig. 1(a)-(e).
The blade mode frequencies estimated from ANSYS were
validated well with the FEA result of Lin Wang. and Sandia
NuMAD blade [10,17] as shown in Fig. 2. The deviations in
the numerical results decrease when the mesh element size is
decreased; consequently, 0.2 m is the optimum mesh size, as
shown in Table 1.

() EL. Size 0.4 m (b) EL Size 0.3 m (c) EL Size 0.2 m

(B.C)
Fixed Support

(d) EL. Size 0.1 m

Fig. 1. The benchmark model boundary conditions and
meshing with different element sizes (a) El. Size 0.4 m, (b)
El. Size 0.3 m, (c) El. Size 0.2 m, (d) EL Size 0.1m, and(e)

El. Size 0.05 m.
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Table 1. Validation of the FEA model.

Natural frequencies
ANSYS (mode shape) with different element size
ID| Mode f(rsc;;Jenmes Santﬂfd?[tigﬁ]AD Lin V\Eig]g eal El. size El. size | El. size | El.size | El. size
0.4m 0.3m 0.2m 0.1m 0.05m
(@) (b) (©) (d) ()
1 1st flap-mode 1.0783 1.0508 0.85961 0.86156 | 0.85786 | 0.86657 | 0.86711
2 1st edge-mode 1.7001 1.7003 1.5657 15642 | 1.5609 | 1.5468 1.5442
3 2nd flap-mode 2.9804 2.9329 2.4972 2.4985 | 2.4868 | 2.5045 2.5061
4 2nd edge-mode 5.0382 4.9672 5.3533 5.3546 | 5.3512 | 5.2908 5.2782
5 3rd flap- mode 6.3093 6.3978 5.9172 5.9136 | 5.9032 5.845 5.8335
8
B Sandia NuMAD Blade
7F| % LinWangetal
A El.size 0.4 m 1
6| v Elsize0.3m 6
< Elsize 0.2m
N 5F| > Elsize0.1m g
< & El.size 0.05 m
Tar
g
3| ‘*’5
s gy
2+
______ -~
1} 5
0 1 1 1 1 1
1 2 3 4 5
Mode
Fig. 2. Comparison of the frequency and mode shape for FEA validation.
mode (1) mode (2)
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mode (5) mode (6)

E: Benchmark
Total Deformation 6
Type: Total Deformation
Frequency. 6.9929 Hz

E: Benchmark

Total Deformation 5
Type: Total Deformation
frequency: 5.8335 Hz

nil Unit m
o 0056008 0042006 0.028004 0014002
0049109 0036332 0024555 - — .
4. | LUZTS Q07N
0055248 Max 004297 0030693 0018416 wx ]w 900 | : 0

Fig. 3. Modal shapes of blade modes.
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Fig. 5. Boundary conditions for (a)domain CFD modeling, (b) Full view of the domain, and (c) CFD mesh.
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3. Methodology

The methodology consists of performing a structural
analysis of HAWT blades made of composite materials
using fluid-structural interaction systems based on the FSI
model one-way coupling [18]. HAWT blade compared the
stress and maximum deformation results between
composite materials at different velocities. Figure 4 shows
a flowchart of FSI modeling the complete fluid (fluent)
CFD and structural-FEA coupling layout. For the design of
the wind turbine model, meshing, boundary conditions,
and post-processing results such as pressure and torque,
CFD modeling is performed using the ANSYS Fluent
software. On the other hand, structural FEA requires
defining material properties, modeling meshes, defining
boundary conditions, and solving stresses and
deformations with different materials and velocities.

3.1 Loads on The Blade

The various types of wind turbine HAWT loads in
Table 2 are aerodynamic, gravitational, and centrifugal
[2,19]. The aerodynamic forces can be divided into
aerodynamic loads such as the forces (the lift force F, the
drag force Fp, and Fr is the resultant force) of the blades,
as shown in Fig. 6. The aerodynamic force, gravitational
loads Fg, and centrifugal loads F. on the rotor are defined
as shown in Table 2.

Table 2. The types of wind turbine loads.

3.2 Fluent CFD Modelling
3.2.1 Wind Turbine Blade Design

The wind turbine model used in this study is a 1.5-MW
wind turbine, designed by National Renewable Energy
Laboratory (NREL) [20,23]. General Electric’s GE’s
1.5MW series of HAWT is a GE renewable energy source
fabricated in Germany. The rated power of the GE HAWT
is 1.5 MW at a wind speed cut-in speed of 3.5 m/s, and the
cut-out wind speed is 20 m/s [24,25]. The HAWT consists
of three rotor blades. The 3D model of the HAWT was
developed in SolidWorks and Design Modeler package
software. The specifications of the 1.5MW wind turbines
can be found in [7,22], and the main constraints are
summarized in Table 3. The blade consists of three types
of airfoils NACA S818, S825, and S826 [26], and one
web. The 3D geometry is shown in Fig. 7.

Table 3. Wind turbine GE 1.5MW [7,22].

Parameters Values Units
Power 15 MW
Number of blades (Ng) 3 Blade
Airfoil (NACA) S5818-5825-5826 -
Rotor radius 41.25 m
Total area 5346 m2
Free stream velocity (Vw) 7,10,12,15,20 m/s
Rate rotor speed (w) 2.22 rad/s
Air density 1.225 kg/m?3

Loads Equation

Aerodynamic Fp =0.5pCpAV,F @
Forces Fp, —0.5pC AV~ Q)

Gravitational E oo — E G 3
Force =

Centrifugal o= i Fr2 s (4)
Force e

In Table 2, Fp is the drag force; F. is the lift force, Cp
is the aerodynamic drag coefficient, C_ is the lift
coefficient, A is the projected area vertical to the flow, and
mi is the mass of the i-blade element. In addition, g = 9.82
m/s? , r; is the radial position of the i-th blade element in
the discretization of the blade into n elements, and ® is the
angular rotor speed. As shown in Fig. 6, a is the angle of
attack and Fr is the results force.

Fig. 6. Airfoil lift and drag.

Fig. 7. Model HAWT of 1.5 MW.
3.2.2 B.C and Meshing of Fluent ANSYS Model

The fluent model of the blade is created using ANSYS
computational fluid dynamics CFD simulation software
Ansys fluent [27-29]. The computational domain,
boundary conditions [4,7,10,30], as a symmetrical wind
turbine rotates around its center of rotation, a single blade
at 120° radial stream tube field with rotating faces twice
the solution can be used as shown in Fig. 5 [31,32], and
the mesh used in the model fluent modeling are shown in
Fig. 5-b The meshed wind turbine blade and domain
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consist of 1896639 elements and 629768 nodes. The fluid
domain’s boundary conditions as shown in Table 4.
General pressure-based continuity equations and material
the fluid air density was 1.225 kg/m®. The k-SST (shear-
stress transport) model was used for this study [10,28].
Inlet different velocities 7,10,12,15, and 20 m/s, intensity,
viscosity ratio 5% and 10, outlet pressure latm,no-slip
blade, and periodic boundaries as shown in Table 4. The
analysis results of the blade estimated from the fluent CFD
model, such as pressure distribution, tangential velocity,
and torque, show a good validation of the results.

Table 4. CFD boundary conditions.

No Boundary conditions.

- General =pressure-based
- Wind velocity V= 7,10,12,15, and 20 m/s
- Angular velocity =2.22 rad/s

Inlet - Turbulent intensity T,=5%
- Viscosity ratio=10
- Material = air density 1.225 kg/m3
- Model = k-SST
Outlet | - Pressure=1 atm
Side - Rotational periodicity boundaries
surface | No-sli
wall P

3.2.3  Verification for Fluent Results

Table 5 shows the percent of error between ANSYS
and theoretical analysis for tangential velocity. Its rate was
2.07 %. Fig. 8 shows direction of the tangential velocity
result.

Tangential velocity (V) =Rr x @ 5)

Where, o: angular speed (rad/s), R;: rotor radius (m), v: tip
velocity (m/s).

Table 5. Comparative analysis of ANSY'S result and the
theoretical calculation.

Tangential velocity (m/s)

ID | Velocity ANSYS Theoretical - (%)
(m/s) . Error
calculation
1 12 98.05 96.015 2.07

Velocity in Stn Frame
H 9.805e+001

- 7.366e+001

- 4.927e+001

[ 2.488e+001

I 4.933e-001

[m s*-1]

4’ mm ff{ ’/i

Fig. 8. Tangential velocity along the length.

3.2.4 Pressure distributions

Fig.9-(b) shows the pressure distributions and the wind
velocities at 7, 10, 12, 15, and 20 m/s. Pressure contours
on both the front and back sides of the blade are produced
for each operational condition, as shown in Fig.9. In this
case, the pressure side of the blade is designated as the
upwind side, which is highly subjected to maximum
pressure, and the back side is designated as the leeward
side, which is subjected to negative pressure.

Pressure | |
Pressure Contour 1 \

1.394e+003 | |
1.080e+003
7.6662+002
4.529e+002
1.3928+002
-1.746e+002
-4.883e+002
-8.020e+002
-1.116e+003
-1.4296+003
-1.743e+003
-2.057e+003
-2.371e+003
-2.684e+003
-2.998e+003
-3.312e+003
-3.626e+003
-3.939e+003
-4.253e+003
[Pa]

front side chk side

4 -3600
2400 - —— Max Pressure(Pa)

—— Min Pressure(Pa)

- -3800

200 1 000

- -4200
2000

4 -4400

1800 - -4600

Max Pressure (Pa)
Min Pressure (Pa)

- -4800
1600 |

- -5000

1400

1 1 1 1
6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Velocity (m/s)

Fig.9: Pressure distributions of blade for different
velocities.
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3.2.5 Verification for Power and (Cp)

Table 6 shows the results for using the numerical
ANSYS CFD results of the power coefficient with
analytical calculations. The obtained CFD results are
compared with the mathematical calculation and
experimental data of the GE 1.5-xle turbine. There was a
good agreement between power values and the results of
experimental data. The results match well.

Power (P) =T x w (6)
_ Pf'ac.ea' _ Pf‘ac.ed
Ce=p = 0spavs @)

Table 6. Comparison analysis of ANSYS result and the
theoretical calculation.

Power - Power coefficient (Cp)
ID | Parameter | Theoretical | GE1.5MW- | ANSYS | (%)
calculations | xle turbine CED Error
Cp 0.59 0.26 0.28 7.6%
Power - 15 1.319 12%
3.3 Structural Analysis and Simulation Modelling

The finite element analysis FEA model was used in
this study for a wind blade made of composite materials
[16,33]. The commercial FE package ANSYS Workbench
[28,34,35] was used to model HAWT using shell 181
elements [36]. FEA was used for CFD and FEA modelling
by one-way FSI coupling [10]. This section presents the
properties of the used composite materials, mesh element
size, and boundary conditions for the FE model.

3.3.1 Material Properties

HAWT is made of composite materials to reduce the
weight of these machines by simplifying the structural
analysis by assuming that the isotropic material can
approximate the composite material {Formatting Citation}.
HAWT was manufactured with Epoxy-S-Glass, Epoxy-E-
Glass, Epoxy-Carbon, Kevlar, and Technora [7]. In the
analysis of the blade, these dissimilar materials were
analysed. Table 7 gives a summary of the properties of
these materials.

Table 7. Material properties of Elasticity [7].

Vateral | E(GPa o | Pgm?)
Epoxy-S-Glass 50 0.3 2000
Epoxy-E-Glass 45 0.3 2000
Epoxy-Carbon 121 0.27 1490

Kevlar 179 0.3 1470

Technora 70 0.3 1390

Where E is Young’s modulus; v is Poisson’s ratio; v is the
material density.

3.3.2 FE-Meshing

To create the structural model of the blade, using a
mapping mesh method, the shell 181 element type
[12,28,34]. In this study, the meshed wind turbine blade
consisted of 14,445 elements and 14,130 nodes, with the
smallest element size of 0.2 m, according to the
benchmark. The meshing of the blade is shown in Fig. 10.

Fig. 10. FEA mesh of the blade.
3.3.3 B.C for Fluid-Structural Interaction Modelling

To create the structural model of the blade. In addition
to aerodynamic loads, other important forces were acting
on the blades, such as gravity and centrifugal loads. The
blade model was fixed support from the root presented in
Fig. 11. the pressure was imported from the fluent analysis
to the structural analysis. A variable pressure was
distributed over the blade’s surface, as shown in Fig. 11.

o A) "
(D)) Gravitational loads g (4) suppor,
<
(C) Acrodynamic load (B) Centrifugal load
Imported pressure from CFD) Rotation velocity

Fig. 11. Boundary conditions of the blade.

3.3.4 Post-Processing Results

FE analysis was used for fluent-mechanical coupling,
and the pressure was determined using the fluent system
CFD. The maximum stress value was determined using the
distortion energy theory given by von Mises. The ANSYS
package determined deformation at different velocities of
7,10, 12, 15, and 20 m/s.

4. Results and Discussion

In this study, the rotor blades were made from
different composite materials. Comparing the stress
analysis results for the five materials on FSI, total
deformation, and equivalent von Mises stresses.
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4.1 Verification for Structural Results

Table 8 and Fig. 12 show the results for using the
numerical ANSYS results of radial force with analytical
calculations. The analysis results were compared between
different composite materials. There was a good agreement
between radial force values and the results of analytical
calculations. The results match very well.

Radial Force (F)=—mr w’ (8)
Where; m: total mass (kg), o: angular speed (rad/s).

Table 8. Comparison of the radial force between ANSYS
and analytics calculations for different composite materials

at 12 m/s.
At Vw =12 (m/s)
I | Composite Radial Force (KN) (%)
D | Materials ANSYS Analytical- Error
Calculations
1 Glass-S 2.0225x10% | 2.0339x10° | 0.563
2 Glass-E 2.0226x10% | 2.0339x10° | 0.558
3 Carbon- 1.5076x10° 1.5152x10% | 0.504
Epoxy
4 Kevlar 1.4874x10° 1.4949x10° | 0.504
Technora | 1.4067x10% | 1.4136x10° | 0.490
25
[_JANSYS
2wl —— —— [ ] Analytical
®
X5l M
X
]
:0_1.0--
S
3
YRR
0.0

Glass-S  Glass-E Carbon- Epoxy Kevlar  Technora

Composite Materials

Fig. 12. Comparison of the radial force between ANSYS
and Analytical.
4.2 Stresses and Deformation
4.2.1 Von Mises Stresses

Fig. 13 shows the stresses and wind velocities in the
five composite materials, namely, Epoxy S-Glass and
Epoxy E-Glass, Epoxy-Carbon, Kevlar, and Technora,
from 7 to 20 m/s. The stresses of Epoxy S-Glass and
Epoxy E-Glass showed a steady but significant rise over
the period. For a velocity of 12 m/s, the graphs of the
different composite materials show  stresses  of
approximately 28.329MPa, 27.695MPa, 32.304MPa,
33.159MPa, and 30.582MPa, respectively. The
comparative analysis of the ANSYS results of different

materials and the stresses are shown in Fig. 13, Fig. 15,
and Table 9.

s

'
S
T

w
o
T

—&— Epoxy-S Glass
—o— Epoxy-E Glass
—A— Epoxy-Carbon
—v— Kevlar

—<4— Technora

20 1 1 1 1 1 1
8 10 12 14 16 18 20 22

von Mises stresses (MPa)
@
8
T

N
a
T

Velocity (m/s)

Fig. 13. Comparative analysis of ANSY'S results for von
Mises stresses.

Table 9 shows a comparative analysis of ANSYS
results for the stresses at different wind velocities. The five
velocities of HAWT were estimated, and the analysis
results were. The results thoroughly analysis value, as
illustrated in Fig. 15, due to FSI one-way coupling for
HAWT.

4.2.2 Deformation

Fig. 14 shows the deformation and the wind velocities
in composite materials, Epoxy S-Glass and Epoxy E-
Glass, Epoxy-Carbon, Kevlar, and Technora, for velocities
ranging from 7 to 20 m/s. The deformation of five
composite materials increased sharply throughout the
period. They determine the maximum deformation for
materials with a value of767.59mm,833.49mm,379.78mm,
263.86mm, and 629.44mm at 12m/s.

1600

—8— Epoxy-S Glass-UD
1400 + |—e— Epoxy-E Glass-UD
—A— Epoxy-Carbon-UD
1200+ |—v— Kevlar )

—<— Technora

1000 +

Deformation (mm)
(=23 [--3
8 =1
S S
y y
t t

IS
=3
=3
f
T

N
=3
=3
f
T

o

Velocity (m/s)

Fig. 14. Comparative analysis of ANSYS results for the
deformation and wind velocity.
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Table 9. Comparative analysis of ANSYS results for stresses at different wind velocities.

ANSYS Result
(Stresses von Mises (MPa))
ID Velocity with different Composite Materials
(m/s) Epoxy-S Glass Epoxy-E Epoxy-Carbon Kevlar Technora
Glass
1 7 19.949 19.951 18.042 18.404 17.146
2 10 23.893 23.308 27.014 27.677 25.497
3 12 28.329 27.69 32.304 33.159 30.582
4 15 33.857 33.04 38.947 40.117 36.936
5 20 37.575 36.617 43.586 44.794 41.236

ANSYS Result

(Stresses von Mises (MPa))
with different Composite Materials at V=12 m/s

B: Structura

Equivalent Stress
Type: Equivalent (von-hlises) S
Unit MPa

B: Structural
Fquivalent Stress
Type: Equivalent (von-Mises) Stress - Top)
Unit: MPa

B: Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress - Top/Bottom
Unit: MPa

U2 18516 124 b

BAL 18549 126% 64424 A NEOMax 25U 15458 9415 3054 WIR 159 1448 13062 0.16404 Min
8329Max 22076 1582 95691 33158 I ||r‘:|f| | - 32304 Max 25161 18019 10877 37351
[ I | — W 7T .

Epoxy-S Glass Epoxy-E Glass Epoxy-Carbon

B: Structural
Equivalent Stress
Type: Equivalent (von-Mises) Stress - Top/Bof

B: Structural
Equivalent Stress
Type: Equivalent (von- Mises) Stress - Top/Bottom

Unit: MPa Unit: MPa
29492 22159 14.826 74929 0.15976 Min 212 2043 13611 69002 01416 Min
33159 Max  25.826 18493 11159 3.8263 30.582 Max 17.053 10288 3.5239
T o i
Kevlar Technora

Fig. 15. Result for different Composite Materials at V=12 m/s for Max stresses.

Table 10 shows a comparative analysis of ANSYS
results for the deformation at different wind velocities and
the analysis results. The results completely analysis value,
as illustrated in Fig. 16, due to FSI one-way coupling for
HAWT.

5. Conclusions

FEA was used to study the complex shape of a wind
turbine blade of 1.5MW made of composite materials;
Epoxy E Glass, Epoxy S Glass, Epoxy-Carbon, Kevlar,
and Technora at different wind velocities, and turbine

blades were successfully modelled. Based on the results
obtained, the following observations can be reported:

The benchmark data showed that the results from the
operation of the model were able to solve the model form
of the HAWT and the best mesh size was 0.2 m. A good
agreement in their mode shapes natural frequencies for the
HAWT of 1.5MW, and the experiment results were
validated with the results given by Lin Wang et al. and
Sandia NuMAD blade.

Table 10.Comparative analysis of ANSY'S results for the deformation at different wind velocities.
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ANSYS Result
(Max Deformation (mm))
ID Velocity with different Composite Materials
(m/s) Epoxy-S- Epoxy-E-Glass Epoxy- Kevlar Technora
Glass Carbon
1 7 344.32 374.55 170.23 118.19 283.54
2 10 604.05 652.89 301.84 209.61 498.21
3 12 767.59 833.49 379.78 263.86 629.44
4 15 965.32 1047.2 474.78 330.72 788.43
5 20 1092.1 1183.1 538.66 373.81 891.34

ANSYS Result

(Max deformation (mm))
with different Composite Materials at V=12 m/s

B: Structural B: Structural
Total Deformation Total Deformation B:Structural
[ 0 Type: Total Deformation Total Deformation
T,Pe:TolaIDeformahon Un[;mm Type Total Deformation
Unit: mm Uit om
83 MBI s 0 [ R R Y/ | WS B K9 W% OMin
767,59 Max 064 B5K 85288 83349 Max B W8 QW 379.78 Max 209 165 1%
(a)Epoxy-S Glass (b)Epoxy-E Glass (c)Epoxy-Carbon

B: Structural
Total Deformation
Type: Total Deformation
Unit mm

B: Structural
Total Deformation
Type: Total Deformation
Unit mm

5595 41962 21975 13987
23454 17591 1727 58636 0 Min 629.44 Max 34969 20981 69.937
263.86 Max 146,59 87.954 29318 | [T

[

0 Min

(d)Kevlar (e)Technora

Fig. 16. Result for different Composite Materials at V=12 m/s for Max Deformation.
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The blade velocity from the analytical calculations is
96.015m/s, and from the CFD analysis, it is 98.05m/s.
There was a good agreement between the radial force
values and the results of the analytical calculations. The
obtained CFD results are compared with experimental data
and the mathematical calculation of the GE 1.5 xle turbine.
The increase in the wind speed causes an increase in the
blade deformation, and von Mises stresses acting on the
HAWT blade. The maximum deformation was achieved
using Epoxy E Glass with a value of 833.49mm at 12m/s.
The minimum deformation, with a value of 2363.86mm at
12m/s, was used by Kevlar. The maximum stress blade
von Mises stresses for Kevlar is 33.159MPa at a speed of
12 m/s. At 12 m/s, the minimum blade von Mises stresses
for Epoxy E Glass are 27.695 MPa. The maximum
deformation at the blade for Epoxy S Glass, Epoxy E
Glass, Epoxy-Carbon, Kevlar, and Technora are
767.59mm, 833.49mm, 379.78mm, 263.86mm, and
629.44mm at 12m/s. The cause for this is that Kevlar has
good strength. The maximum stresses for Epoxy S Glass,
Epoxy E Glass, Epoxy-Carbon, Kevlar, and Technora are
28.329MPa, 27.695MPa, 32.304MPa, 33.159MPa, and
30.582MPa at 12m/s, respectively. This paper provides
valuable insights into the use of FEA to analyze wind
turbine blades and the performance of different composite
materials used in their construction. These results can be
used to improve the design and development of wind
turbines, leading to more efficient and durable structures.
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